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Abstract 
Quantitative analysis of the fire system efficacy of is the trend of China’s fire equipment supervision and management. One of the 
important work is to analyze the effects of failure on fire equipment, and formulate corresponding countermeasures of maintenance and 
management. Utilizing function analysis system technique (FAST), the mission levels of the fire equipment in building were divided, the 
analyzing process for fire equipment failure was established according to the failure information during the actual operation of fire 
equipments, and on the level of component unit, subsystem function and system mission, the method of ranking the effective factors of 
fire equipment failure was proposed based on the mission and function analysis. The method divided the effects of failure into 3 classes: 
minor (failure class III), general (failure class II), significant (failure class I), and corresponding management measures were proposed for 
each class. The method was used in a case study. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
Technology. 
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1. Introduction 
While the rapid development of China, the number and scale of fire equipment put into use are both bigger and bigger, 
and the inspection tasks of fire managers and supervisor is getting heavier. The 16th article of the fire law PRC provides that 
social units should ensure the fire equipment to be good and effective, which means firstly, the equipment components 
should be complete and available, without damage and missing; secondly, the dependability of fire equipment components 
and system should be high, and the performance parameters should obey the requirements of design. Codes and standards in 
China[1-2] have offered the rules for testing the component performance and function of subsystems, but in the actual 
inspection, fire equipments in use are hardly qualified, especially those with central alarm controller and automatic fire 
extinguishing system and large scale fire facility. The causes cover production quality, system design, installation, operation 
and maintenance. The fault condition of fire equipment has become the main reason of the fire potential, so it’s necessary to 
assess the failure degree and influence rank of fire equipment, and afford advice to maintain and rectify.  
The effect of fire equipment failure means the influence of fault on the usage, function and condition of fire equipment 
itself and other equipment . Research in China and other countries on fire equipment failure mostly calculate the percentage 
of success by data statistic, and studies on the influence of a set of  fire equipment failure are rare. There were a 
classification of fire facility safety integrity according to IEC 61508[3], and rate by safety checklist[4], but these methods 
are all limited. General reliability analysis technique includes FMECA, faulty tree, cause and effect diagram, and Bayesian 
confidence network[5], et al. As there is no complete fire equipment reliability index system and systematic reliability 
management in China, methods mentions above are short of basic data. For example, FMECA needs the classification 
criterion of malfunction influence on fire equipment. 
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Applying FAST and reliability analysis, the paper proposed a ranking of the fire system failure influence. Firstly, the 
fire equipments were divided by task and function, to decide the task level and component function category; secondly, 
based on the existing reliability units and fire subsystem function model, the failure data were analyzed, to assess the 
influence level according to the completion of the fire mission overall. The method is based on performance analysis, and is 
intuitive, which suits the fire safety management situation in China. 
2. Analyzing the function of fire equipments by FAST 
2.1. FAST 
FAST is a method of system reliability analysis brought in by the Society of American Value Engineers in 1965[6]. It 
is meant to solve the problem of how a complex system realizes its function. The purposes include recognizing the system 
function and the operation mode; grading the system function; dividing the functions into several class, for instance, 
primary function, auxiliary function, protection function, information function, interface function and extra function, et al.  
We use FAST to analyze the effect of fire equipment failure. Firstly, the unit function failures are assessed according 
to component malfunction; secondly, the influences on subsystem were determined. The target is to analyze the effect on 
system mission, and assess the rank of the failure influence. It is a process of iteratively recording and analyzing the faliure 
information.  
Main steps of using FAST to analyze the failure rank of fire equipments are as follow:  
(1) dividing the function of fire equipments; 
(2) determining the reliability structure of fire equipments; 
(3) information input and analysis of fire equipment components failure; 
(4) ranking of the failure effect of fire equipments. 
The reliability structure analysis of fire equipments include the analysis of fire units, fire subsystem function, fire 
system operating mode and realizing process and relationship between the elements. Details can be found in[7-8]. Due to 
space constraints, the paper focuses on the function classification of fire equipments and ranking of the malfunction 
influence.  
2.2. Function analysis of  fire equipment 
FAST was used to subdivide the function of fire equipments, as shown in Figure 1. 
 
 
Fig. 1. Function analysis of fire equipment in building.  
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The system mission of fire equipments is divided into 3 according to the fire target. Based on the time series of 
missions being accomplished, fire mission are divided into different modules, the modules are subdivided into fire 
subsystem function, and then into different fire equipment units. According to the fire equipment function reliability model, 
failure information of fire equipment components and subsystem function is analyzed in the model of corresponding level. 
2.3. Function classification of  fire equipment 
In FAST, According to the function analysis of fire equipments, functions of fire equipments are divided at component 
level, subsystem level. 
(1) Function classification of fire component. 
Firstly the performance of fire component and units are divided by function types, and these functions are classified 
into important functions and general functions considering their influence to the main fire mission. Usually, primary 
functions and necessary auxiliary functions are important functions, and the others such as information functions and 
interface functions are general functions. 
(2) Function classification of fire subsystem. 
Secondly, fire subsystem with multi-functions are classified too, as shown in Table 1. 
Table 1. Function classification of fire equipments at subsystem level 
Fire 
subsystem 
System function Function requirement Function class Function 
grade 
Fire alarm 
system 
1 Self-test, shielding, search 
and communication 
Satisfy the requirement of GA588-2005-7.2.9 Information, 
interface function 
General 
function 
2 Failure alarm Show the location exactly, alarm with sound and light, print Auxiliary function General 
function 
3 Detector alarm, manual 
alarm and alert 
Show the location exactly, alarm with sound and light, print, 
start the linkage equipment, have feedback signal 
Primary function Important 
function 
4 Linkage equipment 
monitoring and control 
Linkage logic relationships and simultaneous implementation 
fit the fire design document 
Primary function Important 
function 
5 System power switch Switch between the main power and standby power 
automatically, have working status indicator for main and 
standby power 
Auxiliary function General 
function 
 
In Table 1, system function 1 and 5 are mainly completed by the main component of the subsystem, fire alarm 
controller.  
(3) Fire system task function classification. 
At last, the fire system overall is classified. The importance of the system mission should be subdivided by building 
nature of use, staff condition, hazard degree and application environment. For example, in crowded place the first task is to 
ensure the life safety, and warehouse should prevent the fire firstly[9]. Layer progressively increasing in time and space of 
fire, mission of the fire equipment is determined from 3 directions, which includes: protecting the life safety; fire fighting 
and mitigation; ensure the fire rescue. The mission reliability analysis is carried out assuming these 3 missions are equally 
important. In order to assess the system failure grade of the fire equipments, the influence of the failure to the fire system 
should be analyzed.  
3. Mission reliability structure analysis of fire equipment 
The model of mission reliability structure analysis of fire equipment is a mathematical description of the regularity 
characteristics of failures. It provides a method of analyzing the fire system reliability units, subsystem function and fire 
missions level by level according to the fire equipments failures. The method includes reliability frame and mathematical 
model. 
3.1. Reliability structure analysis of system mission 
The failure analysis for fire equipment is the assessment of the equipment capability of accomplishing the fire mission 
at the time point, it fully estimates all of the hidden hazards, and assesses the task mode, including the most unfavorable 
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situation. Such as manual and auto fire extinguishing functions failure, long distance to evacuate, et al. Taking the mission 
of protecting the life safety, the mission level progressively expands by time with the fire development. The mission 
reliability model of fire system to protect the life safety is shown as Figure 2. 
 
 
Fig. 2. Reliability model of fire system mission to protect the life safety. 
 
So the task reliability equation is 
4
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(1) 
In Equation (1), VS is the successful probability of the system mission, VR is the successful probability of task unit. 
During the qualitative computing, set 0<VR<1. Equation (1) can be used to qualitative calculate the state value of VS. Assess 
if the mission can be accomplished according to the fuzzy mission criterion in Table 2. 
3.2.  Reliability structure analysis of fire mission unit 
The fire mission units are divided into fire subsystem function, and according to the information of if the function units 
is succeeded or no, probability calculation and qualitative analysis of task unit are performed. The model is built on the 
assumption as in Fig. 3. 
(1) The environment, utility, maintenance of each subsystem of the fire equipments meet the requirement of standard, 
and remain the same. 1, 2, 3, 4 are the function combined signal of the mission unit.  
(2) Common cause failures around the fire subsystems are ignored, such as the related system failure caused by fire 
water supply and power supply fault. Failure of fire water supply and fire power supply are considered in the subsystem 
corresponded.  
(3) The human error is ignored, and assume staffs in the fire equipment  are all qualified.  
 
 
Fig. 3. Reliability frame of divided task units of fire system.  
The reliability structure of task unit can be described by linear combination generator[10]. 
S1,S2,…,SM stand for M input signals, and R is the output of the task unit, which means the status output A can be get 
by the linear combination of status input VSI. The subsystem function unit weight of specific task a1-aM is assess by Analytic 
hierarchy process. Assuming a0 as the allowed risk out of control, algorithm as shown in Fig. 4 can be derived (Equation 
(2)). 
 
 
Fig. 4. Reliability model of divided mission units of fire system.  
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In equation (2), I1~IM are the indicators of subsystem function integrity (1 or 0). The function reliability of subsystem 
IM is gotten by the reliability analysis of subsystem function, when the task required can be done, the value is 1, otherwise is 
0. Assuming there is no other auxiliary means, which means a0=0, and the weight of a1~aM can be decided by experts rating. 
Function integrity VR (0<VR<1) of task units can be computed by Equation (2). 
3.3. Task reliability structure analysis of subsystem function 
Take the automatic fire extinguishing function of wet sprinkler system as an example, as shown in Fig. 5. 
 
 
Fig. 5. Function reliability frame of wet sprinkler system. 
The mathematical model of the function reliability is 
4
1
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( )iR t is the probability of the 4 fire equipment reliability units or components mentioned above. The water supply for the 
sprinkler system is a sub-function output value of fire water supply system, we will conduct the analysis in the fire water 
supply system analysis, and the methods are the same, so we will bypass that. In this way, the function reliability assessment 
of fire subsystem is transferred into the function assessment of fire equipment component or reliability unit, in which the 
reliability structure analysis of fire unit can be conducted in reference of literature[11]. 
4. Processing and analyzing the failure information of fire equipment 
Based on the reliability analysis of fire equipment mission, the failure information of fire equipments can be processed 
and analyzed, to assess the influence on the fire mission. 
4.1. Failure determination of the reliability unit of fire equipment 
The failure information of the fire equipment comes from the system daily management and periodic testing, the 
criterion can be found in literature[1-2]. Component failure and function failure is the most primary and general failure 
information. Firstly, we analyze the influence of component failure on the fire unit by process in Figure 6.  
If the reliability unit is composed by multiple components, the reliability structure analysis should be conducted for the 
unit with failed component, to assess the influence of component failure on the fire reliability unit. 
4.2. Grade determination for the fire equipment failure influence 
For the situation of fire equipment component failure causing fire unit failure and fire subsystem function failure, we 
should find out if the important function of subsystem is failed. If it doesn’t fail, it is system general failure, otherwise we 
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should analyze whether the fire mission can be completed, when the mission can be completed, it is big failure, or it is 
significant failure.  
After analyzing the fire equipment component failure and function failure, standard for classifying the fire equipment 
failure influence is formulated as shown in Table 2. 
Failure influence analysis of single building fire equipment is the assessment of all kinds of failure in building fire 
equipment on the level of the whole building fire equipment system, and it analyzes the influence of failure on the whole 
fire system mission. As most of the equipment failure in real life is multiple component failure, the method mentioned 
above can help with the analysis of influence of different component failures on subsystem function and system mission. 
5. Case study 
By the method we created, we evaluated the influence of fire equipment failure on an office building in Tianjin, China. 
The building is a high-rise civil construction, with the height of 59 m. There are 1 floor underground and 13 floors above the 
ground. Most of the fire equipments were completed in 1999, and as there was no normative maintenance, there were 
several failures shown as Table 3. After the repair and test in 2009, now the system is back to normal. 
According to the test result, statistically analyze the fire reliability units and system function failure shown as Table 3. 
Because only 7 fire detectors and 19 start answering signals of the fire alarm system were malfunction, so it was not unit 
important function failure and system important function failure, and the failure was not in the failure determination column 
in the table of system failure analysis. For the same reason, the failure of fire hydrant system and sprinkler system caused by 
fire water supply system were not in the table of failure analysis too. 
 
     
Fig. 6. Flow chat of fire equipment reliability unit failure analysis.            Fig. 7. Flow chat of fire equipment system mission failure analysis. 
Here, failure of fire water supply system VRGSH(important failure of fire pump and fire tank IWYB 0, IGSH=0) caused 
the big failure of fire hydrant and sprinkler system; Important failure of 2 fans IFJ=0 causing the function failure of 
mechanical exhaust subsystemVRPY. 
Based on the results of function analysis and qualitative analysis for fire system task, we assessed that the system 
cannot put out the initial fire (VR1=0), or stop the fire from spreading (VR1=0) or avoid the whole building getting on fire 
(VR3=0), and the system mission of fire extinguishing and fire controlling can’t be completed (VS2=0) as in Table 4. 
661 DU Yulong et al. /  Procedia Engineering  45 ( 2012 )  655 – 662 
Table 2. Standard for classifying the fire equipment failure 
Failure class Feature description 
Fuzzy task 
criterionVS 
Fire management 
countermeasure (in reference)
Failure class I 
(significant) 
1. The system main task criterion or important subsystem function 
criterion exceed the standard, the function all fails, continue using would cause 
property damage and casualties. 
2. need to repair the fire system and change the main  equipment . 
VS<0.5 
Fire department will issue 
notification for significant 
risk. 
Failure class II 
(general) 
1. Criterion of general function of subsystem exceeds the standard, or 
part of the component can’t work, most of the function remain, and can be used 
reluctantly. 
2. Maintenance personnel should repair the equipment on work scene. 
0.5<VS<0.7 
Fire department issue the 
deadline for correction. 
Failure class III 
(minor) 
1. system task, subsystem function are all normal, general function 
criterion of some components or unit exceed the standard. 
2. Operator should eliminate the problem on work scene, by changing 
the assembly for example. 
0.7<VS<0.9 
Maintenance unplanned 
should be scheduled. 
Table 3. Statistic of fire equipment function failure 
Fire subsystem Name of the failed unit and system function
Function grade of the failure unit and subsystem 
Important General Failure determination Unit equipments number
Fire water supply 
Fire pressure pump 2  IWYB=0 4 
Fire tank 1  IGSH=0 1 
System function  1 VRGSH=0  
Mechanical exhaust system 
Fan control box  1   
Fan 2 1 IFJ=0 4 
System function   VRPY=0  
Table 4. Failure analysis on fire equipment system mission 
Fire system System task unit Failure description 
Assessment on the 
accomplishment of the mission 
Put out the fire 
and control the 
fire spreading 
1 
Put out the initial 
fire 
Part of the high zone cannot be complete, 
VR1=0  
Cannot accomplish the mission of 
fire fighting and controlling, 
failures in smoke exhaust system 
induce to the function of 
protecting life safety cannot be 
realized, VS2=0. 
The integrate assessment of the 
building is significant failure 
class. 
2 
Prevent fire from 
spreading 
Part of the high zone cannot be complete, 
VR2=0 
3 
Avoid the whole 
building getting on 
fire, ensure the 
structure safety 
When the fire spreads, cannot prevent the 
fire from spreading to the whole building or 
ensure the structure safety, VR3=0 
 
So, there is significant hidden hazard in this system, and should be rectified and reformed in limit time. During the 
rectification, the fire safety inspection should be strengthened, the early detection and alarm should be ensured, and the 
protection on the weak parts should be reinforced, especially the auxiliary fire equipment such as mobile fire extinguisher 
should be arranged. 
6. Conclusion and discussion 
Based on the existing fire equipment testing method, the failure effect analysis of building fire equipment conducts a 
system mission and function analysis utilizing FAST, and qualitatively computes the function and mission reliability model 
on each system level, quantitatively assesses the failure influence of building fire equipments, which can provide reference 
for fire management, and increase the scientific nature of the decision making. 
But during the application, the classification of the fire equipment failure effect should combine the operation safety of 
fire equipment, the cost analysis of system fault repair[12-13], and the frequency of daily management data, to establish the 
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complete failure influence analysis of fire equipment.  
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